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USE OF 9-DEOXY PROSTAGLANDIN DERIVATIVES 
TO TREAT GLAUCOMA 

Background of the Invention 

The present invention relates generally to the treatment of glaucoma and 
5 ocular hypertension by cydopentane derivatives which are analogues of the 
naturally occurring compounds known as prostaglandins. In particular, the 
present invention relates to the use of 9-deoxy PGF 2b analogues and their 
pharmaceutically acceptable salts, ester and amide derivatives for the treatment of 
glaucoma and ocular hypertension. As used herein, the terms "prostaglandin" and 
10 TG" shall refer to prostaglandins and derivatives and analogues thereof, except as 
otherwise indicated by context. 

Naturally-occurring prostaglandins, including prostaglandins of the F series 
(such as PGFjJ, the E series (such as PGEj) and the D series (such as PGDj) are 
known to lower intraocular pressure (IOP) after topical ocular instillation, but can 

15 caused marked inflammation as evidenced by conjunctival edema or other 

untoward effects such as conjunctival hyperemia. Many synthetic prostaglandins 
have been observed to lower intraocular pressure, but such compounds also 
produce the aforementioned side effects which greatly limit their clinical utility. 
Attempts have been made by Stjernschantz et al. (US 5,321,128), Woodward et ah, 

20 (US 5,093,329), Chan et al. (WO 92/08465) and Ueno et al. (EP 330 511 A2) to 

reduce selectively or to eliminate altogether the side effects while mamtaining the 
IOP-lowering effect. 

The Stjernschantz et al. publication is of particular interest as it 
demonstrates that certain prostaglandins which retain the alicyclic rings 
25 characteristic of the natural prostaglandins (PGA, PGB, PGD, PGE, PGF) but 

which possess modifications in the omega chain maintain the intraocular pressure 
lowering activity of the natural prostaglandins and have fewer adverse effects. 
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All the naturally-occurring prostaglandins known to reduce intraocular 
pressure, including prostaglandins of the F series (such as PGF 2a ), the E series 
(such as PGE^ and the D series (such as PGDj), have an oxygen substituent, either 
a hydroxyl or ketone, in the 9-position. All known synthetic prostaglandins which 
5 lower ocular pressure also have a substituent in the 9-position suggesting that 

substitution in the 9-position is important for activity. A further indication for the 
importance of the substituent in the 9-position is provided by Garst et al. 
(WO 94/08587 and WO 94/06432) who describe a series of 11-deoxy prostaglandin 
derivatives which retain intraocular pressure lowering activity. These 
10 prostaglandin derivatives retain the 9-hydroxy group of the natural prostaglandins 
indicating the necessity of this functionality for therapeutic efficacy. 

Summary of the Invention 

A series of 9-deoxy PGF 2a derivatives have been shown to bind to the FP 
prostaglandin receptor and stimulate second messenger expression linked to 
15 activation of an FP receptor. In particular, a series of 9-deoxy PGF^ derivatives 
are useful in reducing the intraocular pressure and in treating glaucoma while 
exhibiting less adverse effects such as ocular inflammation and conjunctival 
hyperemia than those associated with the ocular use of the natural prostaglandins. 
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Detailed Description of the Invention 

The 9-deoxy prostaglandin derivatives useful in the present invention have 
the general formula (I): 



Y = C(0)NR,R2, CH 2 OR3, CHfMLfo, COR, C0 2 M where M is a cationic 
salt moiety; 

R, , (same or different) = H, C,-Q alkyl or alkenyi, or Q-Q cydoalkyl; 

R, R, (same or different) = C(0)R* H; 

R« = C,-C« alkyl or alkenyi, or Q-Q cydoalkyl; 

X = 0, S(0)„ CH,; 

n ■ 0, 1, or 2; 

A = CH 2 CH 2 , cis or trans CH=CH, or C=C; 
Z = CH 2 CH 2 , trans CH=CH, or C=C, 

W = (CHJ m Aryl, (CH^OAryl where m = 1-6 and Aryl = phenyl, 
optionally substituted with halogen, hydroxy, alkoxy, haloalkyl, amino, or 
acylamino; or W = 




OR 



OH 



(D 



wherein: 




or 




(W 2 ) 



(W 3 ) 



wherein V = H, alkyl, halogen, hydroxy, alkoxy, acryloxy, haloalkyl, arnino, 
acylamino, and L = CH 2 , O, S{0) m , CH 2 CH 2 , CH 2 0,NR, CH=N, CH^O)^ 
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CH=CH, CH 2 NR where m ~ 0-2 and R is as defined above (hereafter, a 
"described bicyclic"). 

The preferred compounds of formula (I) are those wherein: Y = C0 2 Ri,' R] 
= CH(CH 3 )CH 3/ or H; X = CH 2 ; A = ds CH=CH; R = H; Z = CH 2 CH 2 , or trans 
5 CH=CH; W = (CHj) m Aryl, or (CH^OAryl where m * 1-3. and Aryl = phenyl, 
optionally substituted with CF* CI, F, or OMe; or W = W 2 wherein L = CH 2 and 
V = H. 

Some of the compounds of formula (I) are novel. These novel compounds 
are those of formula (J) wherein: Y = C(0)NR,R2; CH 2 OR 3 , or CF^NR^; R„ R, 

10 (same or different) = H, C,-C 6 alkyl, or C 3 -C 6 cydoalkyl; R, R 3 (same or different) = 
H, C(0)R«; R« = C,-Qalkyl, or Q-Q cydoalkyl; X = O, SiO)^ or CH 2 ; n = 0, 1, or 2; 
A = CH 2 CH 2 ; cis or trans CH=CH; or C=C; Z = CH.CH,, trans CH=CH, or C=C; W 
= (CH^ Aryl or (CH^OAryl; m = 1-6; and Aryl = phenyl, optionally substituted 
with halogen, hydroxy, alkoxy, haloalkyl, amino, or acylarnino. Also novel are 

15 those compounds of formula (I) wherein W is a described bicydic. 

The preferred novel 9-deoxy PGF 2tt derivatives indude those of formula (I) 
wherein: Y = CH 2 OR 3 or C(0)NR,Rj; R„ R 2 = H or Me; R 3 * C(0)R«; R< = C(CH^ 
X = CH 2 ;A = cis CH = CH; R = H; Z = CH 2 -CH 2/ trans CH = CH; W = (CH 2 ) m 
Aryl or (CH^OAryl where m = 1-3 and Aryl = phenyl, optionally substituted 
20 with CFa, CI, or F. Also preferred are those novel 9-deoxy PGF 2a derivatives of 
formula (I) wherein: Y= C0 2 R,; X = CH*; A = cis CH=CH; R = H; R, = CH(CH 3 ) 2 ; 
Z = CH 2 CH 2 , or trans CH = CH; W = W 2 wherein L * CH 2 and V = H. 

GB 1,539,368 assigned to Imperial Chemical Industries (ICI) describes 
alicyclic ring modified prostaglandin derivatives of the type useful in the present 
25 invention; however, the 9-deoxy PGF analogues disclosed in the ICI patent are 
used to inhibit the production of gastric add or are effective in the induction of 
labor or parturition in mammals. The ICI patent is hereby incorporated by 
reference to the extent that it describes the preparation and pharmacological 
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profiles of these compounds. 

The compounds of formula (1) can be prepared by employing appropriate 
variations to the pathway disclosed in GB 1,539,368. Such variations are known to 
those skilled in the art. For purposes of illustration only, the following Examples 
1-4 are representative syntheses of the compounds of the present invention. 

Table 1, below, lists compounds of the present invention which are referred 
to in the following Examples. 
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TABLE 1; REPRESENTATIVE COMPOUNDS 





COMPOUND NAME 


COMPOUND STRUCTURE 


D 


(5Z}-(UR, 15/?)- 1 1,15- 
dihydroxy-3-oxa- 1 7-phenyl- 
18, 19,20- trinor-5-prostenoic 
acid isopropyl ester 


x^o' — C0 2 Pr' 


m 


(5Z,13£)-(11/?, 155)-11,15- 
dihydroxy- 17-phenyl- 
18,19,20-trinor-5,13- 
prostadienoic acid 




rv 


(5Z,13£)-(11/?, 15/?)-16-<3- 
Chiorophenoxy)- 11,15- 
dihydroxy-17,18,19,20- 

tetranor-5, 1 3-prostadienoic 
oLiu isupropyi csier 


HO HO N — ( 

CI 


V 


(5Z)-(ll^, 15/?)-ll.l5- 
dihydroxy- 1 7-phenyl- 
1 8, 19,20- trinor-5-prostenoic 
acid 


^\==^\X^C0 2 Pr' 


VI 


(5ZM11*, 15rt)-lU5- 
dihydroxy- 15-(2-indanyl)- 
16, 17, 1 8,19,20-pentanor-5- 

prostenoic acid isopropyl 
ester 
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In the following Examples 1-4, the following standard abbreviations are 
used, g = grams (mg = milligrams); mol = moles (mmol = millimoles); mL = 
milliliters; mm Hg = millimeters of mercury; mp = melting point; bp = boiling 
point; h = hours; and min = minutes. In addition, "NMR" refers to nuclear 
magnetic resonance spectroscopy and "CI MS" refers to chemical ionization mass 
spectrometry. 
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EXAMPLE 1: SYNTHESIS OF 9-DEOXY-13A4-DIHYDRO-3-OXA-17-PHENYL 

PGF^„ ISOPROPYL ESTER 



^ ? 

BzCfTHO 

1 2 



o 



Bzd 




Ph 



o 

3 



.0 



THPd 



Ph 



6thp 



Ph 



6r 

5 R = H 

6 R = THP 



BzO 



.Ph 



6h 

4 



RQ 



THPd' v "V~^ Ph 

OTHP 

8 R' = H 

9 R* = SiEli 



THPd' 



Ph 



6thp 



10 



El ^^A0CH 3 

6thp 
ii 



HO 




Ph 



HQ 

- < 
THPd 



XO^-Pr 



Ph 



OH 
15 



OTHP 
14 



Rq 

" < 
THPO 



,'\^^0H 
.Ph 

6th P 

12 R* = Et 3 Si 

13 R=H 




compound II 
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A; Pimethyl-(2-^xo-4-phenylbutYl)phoffphonate (2); 

A solution of dimethyl methylphosphonate (26 mL, 0.23 mol) in 500 mL of 
anhydrous THF was cooled to -78 °C and n-Buli (2.5 M m hexanes, 110 mL, 027 
mol) was added dropwise at a rate such that the reaction temperature remained 
5 below -60 °C. The mixture was stirred for 10 min at -78 °C and then a solution of 
ethyl 3-phenylpropionate (35.2 g, 0.19 mol) in 60 mL of THF was introduced 
dropwise, while maintaining the reaction temperature below -60 °C. The resulting 
mixture was stirred at -78 °C for 30 min, then allowed to warm to room 
temperature (2 h) and was stirred at that temperature for 19 h. The reaction was 

10 quenched by careful addition of glacial acetic acid (18 mL) and was then poured 
in CH 2 C1 2 /H 2 0 (200 mL each). The organic layer was separated and the aqueous 
layer was extracted (2 X 200 mL) with CH 2 CI 2 . The organic layers were combined 
and washed sequentially with water (100 mL) and brine (100 mL) and then dried 
(MgS0 4 ). Filtration and solvent removal gave 57.4 g (93% crude yield) of 2 as a 

15 yellow liquid. This material was used without further purification. 'H-NMR 

(CDCy 6 7.24 (m, 5H), 3.74 (d, J = 12.0 Hz, 6H), 3.00 (d, / - 22.4 Hz, 2H), 2.92 (m, 
4H). 

B: Qa& 4R. 5R. 6aSV5-^r^oylox y ^-[^W.Voxo-5-phenvl-l-Dem°nvn-hexahvdrC>- 
2H-cydopentarbl furan-2~one tSl: 

20 A solution of the phosphonate 2 (22.2 g, 84 mmol) and LiCl (3.0 g, 75 

mmol) in anhydrous THF (180 mL) was cooled to 0 °C and trieuiylamine (9.6 mL, 
69 mmol) was added to it. A white suspension was formed. To this a solution of 
the aldehyde 1 (16.5 g, 60 mmol) in CH 2 Ct 2 (50 mL) was added dropwise and the 
resulting mixture was stirred at 0 °C for 2 h. The reaction was quenched by 

25 adding 20 mL of a 0.1 N HC1 solution and the mixture was partitioned between 
100 mL of EtOAc and 50 mL of water. The organic layer was separated and the 
aqueous layer was extracted with 2 X 100 mL of EtOAc. The organic layers were 
combined, and washed with 50 mL of brine and dried (MgSO«). Solvent removal 
afforded a yellow solid which was recrystalUzed from EtOAc to give 15 g (60%) of 

30 3 as a white solid, mp 119 - 120 °C. 'H-NMR (CDC1 3 ) 5 7.96 (d, / = 8.0 Hz, 2H), 

7.44 (m, 3H), 7.24 (m, 5H), 6.65 (dd, / » 12, 6 Hz, 1H), 6.24 (d, / = 12 Hz, 1 H), 532 
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(m, 1H), 5.09 (m, 1H), 2.93 - 2.82 (m, 7H), 2.70 - 2.22 (m, 3H). 

Cl I3a& 4ft, 5ft, 6aS)-Hl tenwto xy H -f (^ 35 )- ^ 
hfixahydrc^ffl^ycAQp^ 

A solution of 3 (14.4 g, 34.7 mmol) in 150 mL of anhydrous THF was cooled 
5 to -23 °C and to it a solution of (-)-F-chlorodiisopinocampheylborane [(-)-DIP-Cl] 
(16.7 g, 52 mmol) in 100 mL of anhydrous THF was added dropwise. The mixture 
was stirred at -23 °C for 4 h and then quenched by adding 20 mL of CH 3 OH. The 
resulting solution was allowed to warm to room temperature and was stirred at 
this temperature for 14 h. The reaction mixture was poured into 200 mL of 

10 CH 2 C1 2 /100 mL of water. The layers were separated and the aqueous layer was 
extracted with CHjClj (3 X 50 mL). The combined organic extracts were washed 
with a saturated aqueous NH 4 C1 solution (2 X 50 mL) and dried (MgS0 4 ). 
Filtration and solvent removal gave a colorless liquid which was passed through a 
short plug of silica gel to remove nonpolar-hydrocarbon contaminants. A mixture 

15 of 4 and its diastereomeric allylic alcohol (94:6 ratio as determined by HPLC) was 
isolated as a white solid (13.4 g, 92% combined yield). This mixture was subjected 
to silica gel chromatography to afford 7.0 g of pure 4 as a waxy solid (R^O.18, 
50% EtOAc 'hexane; the Rf for minor diastereomer being 0.16 in the same solvent 
system). l H-NMR (CDC1 3 ) 8 7.97 (d, / = 6 Hz, 2H), 7.40 (m, 3H), 7.16 (m, 5H), 5.64 

20 (m, 2H), 5.25 (m, 1H), 5.06 (m, 1H), 4.15 (m, 1H), 2.95 - 2.50 (m, 7H), 2.20 (m, 1H), 
1.80 (m,3H). 

P: (3aR. 4ft. SR. 6aS) Hexahydro-4-f f£H35)-5-phen yl-3-(tefrah^^ 

A mixture of lactone 41 (6.46 g, 15.5 mmol) and KjCOa (2.14 g, 15.5 mmol) in 
25 60 mL of CH 3 OH was stirred at room temperature for 6 h. The reaction mixture 
was poured into 100 mL 1 N HQ and extracted thoroughly with EtOAc (5 X 50 
mL). Combined organic extracts were dried (MgS0 4 ) and concentrated and the 
crude product mixture was purified by passage through a short plug of silica 
(R^O.25, EtOAc) to yield 4.11 g of the dihydroxy compound 5. 
30 A solution of 5 (4.11 g, 13.1 mmol) and dihydropyran (5.0 mL, 52.6 mmol) 
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in CH 2 C\ 2 (50 mL) was cooled to 0 °C A catalytic amount of p-TsOH (0.02 g, 0.1 
mmol) was added and the mixture was stirred at 0 °C for 30 min and then 
quenched by adding saturated aqueous NaHCO a (10 mL). The layers were 
separated and the aqueous layer was extracted with 2 X 25 mL of CHjCla. 
5 Combined organic extracts were dried (&£OJ, filtered and concentrated to afford 
a colorless oil which was subjected to chromatography on silica (Rf=0.31, 50% 
EtOAc/hexane). The bis-THP ether 6 (6.44 g, 86% yield from 4) was isolated as a 
colorless oil. 'H-NMR (CDC1 3 ) 5 (characteristic peaks only) 720 (m, 5H), 5 .58 (m, 
2H), 4.95 (m, 1H), 4.65 (m, 2H), 3.46 (m, 2H). 

10 E: fla& 4R. 5R. fiafl MPxahydro^r^R^-S-phenvl^tetrahydropyran^ 

yloxy)pentyl)-5-Uetrahydropyran-2-yloxy 

A solution of the lactone 6 (6.44 g, 13.4 mmol) in 50 mL of EtOAc was 

hydrogenated in the presence of 10% Pd/carbon (0.15 g) at 40 psi in a Parr 

hydrogenation apparatus for 4 h. The reaction mixture was filtered through Celite 
15 and the filtrate was concentrated to afford 7 (6.5 g, 99% yield) as a colorless oil. 

•H-NMR (CDC1 3 ) 8 (characteristic peaks only) 7.22 (m, 5H), 5.00 (m, 1H), 4.76 (m, 

2H), 3.52 (m, 2H). 

F: (9S. UR. 15RM1.15.Bis^tetr a hvd mp v r a n - 2 - v l oxvV234^,6 . 18, l ? 2 0^anor'17' 
phenyl-9-(rriethykilyloxy>prQstanol Triethvlsilvl Ether f9): 

20 The lactone 7 (6.5 g, 13.4 mmol) was dissolved in 100 mL of anhydrous 

THF and this solution was added dropwise to a cold (0 °C) suspension of lithium 
aluminum hydride (1.5 g, 40.2 mmol) in 100 mL of THF. The reaction mixture 
was allowed to warm to room temperature slowly and stirred at that temperature 
for 14 h. The reaction was cooled to 0 °C and quenched by the sequential addition 

25 of 1.5 mL H 2 0, 1.5 mL 15% aqueous NaOH and 4.5 mL H 2 0. The resulting 
suspension was warmed to room temperature and filtered through a pad of 
anhydrous MgS0 4 . The filter cake was washed thoroughly with EtOAc. 
Evaporation of the filtrate gave 5.59 g of the diol 8 (R^O.26, EtOAc) as a colorless 
oU. 

30 A solution of diol 8 (5.59 g, 11.5 mmol), triemylarnine (9.6 mL, 69 mmol), 
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chlorotrielhylsilane (5.84 mL, 34.5 mmol) and tyN-dimethylaminopyridine (0.1 g, 
0.83 mmol) in 200 mL of CH 2 C1 2 was stirred at room temperature for 12 h. The 
reaction mixture was poured into 100 mL of H 2 0, the layers were separated and 
the aqueous layer was extracted with 2 X 25 mL of CH 2 C1 2 . The combined organic 
layers were dried (MgS0 4 ), filtered and concentrated to afford a yellow liquid 
which was chromatographed on silica (R^O.25, 10% EtOAc/hexane). Bis-silyl 
ether 9 (8.44g, 88% yield from 7) was obtained as a slightly yellow oil. 

Q (9S. UK, ISffl-UJllH^ttfr ^ 
phenyl-9Kte^y^ayloxy)pj^ta n aJl fl ip): 

A solution of oxalyl chloride (2.7 mL, 29.5 mmol) in anhydrous CH 2 C1 2 (20 
mL) was cooled to -78*C under N 2 and to it a solution of DMSO (4.1 mL, 59.0 
mmol) in CH 2 C1 2 (5 mL) was added dropwise. After 3 min, a solution of 9 (8.49 g, 
11.8 mmol) in 25 mL of CH 2 C1 2 was added in a dropwise manner to the reaction 
mixture. The resulting mixture was stirred at -78 °C for 3 h at which time 
triethylamine (8.2 mL, 59.0 mmol) was added and the resulting slurry was allowed 
to warm to room temperature over a period of 15 min. The reaction mixture was 
partitioned between 100 mL of EtOAc and 25 mL of water. The aqueous layer 
was extracted with 50 mL of EtOAc The combined organic layers were washed 
with brine and dried over MgS0 4 . Filtration and concentration gave a yellow oil 
which was subjected to chromatography on silica gel (R, 0.53 30% EtOAc/hexane) 
to yield 10 (8.0 g, 99% yield) as a slightly yellow oil. 'H-NMR (CDC1 3 ) 8 
(characteristic peaks only) 9.80 (s, 1H), 7.24 (m, 5H), 4.62 (m, 2H), 0.89 (distorted t, 
9H), 0.57 (distorted q, 6H). 
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17-phenyl-9-ftriethylsilvloxvV5>prostpnoic Arid Methyl Ester (11): 

A solution of 18-crown-6 (10.6 g, 402 mmol), and bis (2,2^-trifluoroethyl)- 
(methoxycarbonylmethyl)phosphonate (4.7 g, 14.7 mmol) in anhydrous THF (10 
5 mL) was cooled to -78 °C under a N 2 atmosphere. Potassium bis(trimethylsilyl) 

amide (0.5 M in toluene, 29.4 mL, 14.7 mmol) was added to the above mixture and 
the solution was stirred for 15 min. A solution of the aldehyde 10 (8.0 g, 13.4 
mmol) in 50 mL of THF was added dropwise over a period of 15 min. The 
resulting mixture was stirred at -78 °C for 1.5 h and was then brought to 0 °C over 

10 a period of 30 min. The reaction was quenched at 0 °C with saturated aqueous 

NH«C1 (100 mL) and the mixture was allowed to warm to room temperature. The 
layers were separated and the aqueous layer was extracted with 2 X 50 mL of 
EtOAc. The combined organic layers were washed with 2 X 50 mL of brine and 
dried (MgSOJ. Filtration and solvent removal gave a yellow slurry which was 

15 passed through a short plug of silica gel to afford a mixture of 11 and its E isomer 
(9:1 ratio respectively, 8.1 g, 93% combined yield). Isomers were separated by 
chromatography on silica gel (RpO.58, and 0.54, for 11 and the minor isomer 
respectively, 30% EtOAc/hexane); 4.32 g of pure 11 was isolated. *H-NMR 
(CDC1 3 ) 5 (characteristic peaks only) 725 (m, 5H), 6.42 (m, 1H), 5.78 (d, / = 11 Hz, 

20 1H), 4.65 (m, 2H), 3.68 (s, 3H), 0.93 (distorted t, 9H), 0.58 (distorted q, 6H). 

I: (5ZW9S. 11R. 15RM 1 . 1 5-Bi s - ( tetra hvriropvran- 2 ^^^ 
hydroxy-17-phe ny1-5-prosten-l-ol (13): 

A solution of 11 (432 g, 6.6 mmol) in 50 mL of anhydrous THF was cooled 
to 0 °C and DIBAL-H (1.5 M in toluene, 13.2 mL, 19.8 mmol) was added to it. The 

25 resulting mixture was stirred at the same temperature for 2 h. The reaction was 
quenched by the careful addition of 100 mL of a saturated aqueous solution of 
sodium potassium tartrate. The resulting Diphasic mixture was stirred vigorously 
for lh. The layers were separated and the aqueous layer was extracted with 3 X 
50 mL of EtOAc. The combined organic layers were dried (MgSO*), filtered and 

30 concentrated to afford 423 g (quantitative yield) of 12 (Rf=033, 30% 
EtOAc/hexane) as a colorless liquid. 
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A solution of the allyl alcohol 12 (0.63 g, 1.0 mmoi) in 5.0 mL of THF was 
treated with tetrabutylammonium fluoride (1.0 M in THF, 1.5 mL, 1.5 mmol) at 
room temperature for 5 min. The reaction mixture was poured into brine (10 mL) 
and the aqueous layer was extracted with ether (4 X 10 mL). The combined 
5 organic layers were dried (MgSOJ, filtered, and concentrated. The crude was 
purified by chromatography on silica gel (R^.15, 50% EtOAc/hexane) to afford 
13 (0.48 g, 93% yield) as a colorless oil. 

^n,yl^gJ£^trjbQp^^ AA&fccgropyJj J5sJsr_CW 

10 A biphasic mixture of the diol 13 (0.48 g, 0.93 mmol), toluene (5 mL), 

tetrabutylammonium hydrogensulfate (30 mg, 0.08 mmol), and aqueous NaOH 
(25% w/v, 5 mL) was cooled to 0 °C while stirring vigorously. To this mixture 
isopropyl bromoacetate (0.5 g, 2.8 mmol) was added dropwise. The mixture was 
stirred at 0 °C for 30 min and then at room temperature for 30 min. The layers 
15 were separated at this time and the aqueous layer was extracted with 10 mL of 
toluene. The combined organic layers were washed with water, and brine (5 mL 
each), dried (MgSOJ, and concentrated. The crude mixture was chromatographed 
on silica (R,=0.45, 50% EtOAc/hexane) to afford 14 (0.37 g, 65% yield) as a 
colorless oil. ! H-NMR (CDC1 3 ) 8 (characteristic peaks only) 7.25 (m, 5H), 5.72 (m, 
20 2H), 5.14 (distorted septet, 1H), 4.63 (m, 2H), 3.48 (m, 2H), 1.25 (d, / = 6 Hz, 6H). 

K: (5ZW9R. 11R. 15R)-11.15-Pihydrox y-9-icK*^ 

prostenoiic Arid feppyppy), Ester. (15): 

A solution of the ester 14 (0.265 g, 0.433 mmol) in anhydrous pyridine (2.0 
mL) was cooled to 0 °C and to it methanesulfonyl chloride (0.07 mL, 0.866 mmol) 

25 was added dropwise. The resulting mixture was kept at 0 °C for 30 min and then 
allowed to warm to ambient temperature (2 h). At this time the reaction mixture 
was transferred via cannula to a flask containing a suspension of tetrabutyl- 
ammonium iodide (0.79 g, 2.16 mmol) in toluene (5.0 mL), and the resulting 
solution was heated at 60 °C for 3 h. The reaction mixture was then cooled to 

30 room temperature and partitioned between ethyl acetate (100 mL), and 10% 
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solution of NaHS0 4 (50 mL). The organic layer was washed with saturated CuS0 4 
(2 X 10 mL) dried (NajSOj filtered and concentrated. The crude yellow liquid 
was used in the next step. 

The crude mixture obtained above was taken up in 20 mL of methanol and 
5 0.5 mL of water, cooled to 0 °C and to it 1.0 mL of concentrated HC1 was added. 
The mixture was stirred at 0 °C for 15 min and then at room temperature for an 
additional 30 min. The reaction was then quenched by adding solid NaHC0 3 and 
transferred to a separatory funnel containing 20 mL each of CHC1 3 and water. 
The layers were separated and the aqueous layer was extracted with 3 X 20 mL of 

10 CHC1 3 . The combined organic layers were washed with 2 X 10 mL of water, 10 
mL of brine and dried (NajSO*). After filtration and concentration, the crude 
residue was purified by chromatography on silica gel. The desired product 15 
(R^03, 60% EtOAc/hexane) was isolated as colorless oil (32 mg, 11% yield from 
14). 'H-NMR (CDC1 3 ) 8 730-7.17 (m, 5H), 5.68 (m, 2H), 5.09 (septet, / « 6.4 Hz, 

15 1H), 432-3.95 (m, 6H), 3.68 (m, 1H), 2.75 (m, 2H), 2.36 (m, 3H), 2.20 (m, 3H), 1.83- 
135 (m, 8H), 1.24 (d, / = 6.6 Hz, 6H); ,3 C-NMR (CDC1 3 ) 8 170.26, 142.08, 131.78, 
128.40, 128.35, 126.77, 125.81, 75.73, 70.55, 68.81, 67.66, 66.66, 61.19, 54.17, 51.09, 
44.43, 39.09, 34.81, 32.20, 30.19, 29.73, 21.79. 

L: fgZWllR. 15RML 15-Dmvdro x y-3^a-17-phpnvl-181920-trinnr-^prQStenQiC 

20 Acid isoprppyl Ester (II): 

To a solution of the iodoester 15 (32 mg, 0.05 mmol) and AIBN (10 mg) in 
1.0 mL of anhydrous toluene, Bu 3 SnH (0.03 g, 0.10 mmol) was added. The 
resulting mixture was heated at reflux for 3 h. The reaction mixture was cooled to 
room temperature, the solvent was evaporated and the residue was purified by 

25 chromatography on silica gel. Compound II (RpO.23, 60% EtOAc/hexane) was 
isolated as colorless oil (22 mg, 95% yield). ! H«NMR (CDC1 3 ) 8 7.29-7.17 (m, 5H), 
5.72 (m, 2H), 5.10 (septet, / = 6.4 Hz, 1H), 4.00 (m, 4H), 3.92 (m, 1H), 3.69 (m, 1H), 
2.75 (m, 2H), 222 (m, 1H), 2.08 (m, 1H), 1.98 - 131 (m, 14H), 1.27 (d, / = 6.6 Hz, 
6H); "C-NMR (CDC1 3 ) 8 170.06, 142.14, 134.43, 12838, 126.53, 125.79, 79.10, 72.00, 

30 7134, 68.48, 67.17, 5330, 44.09, 39.02, 38.19, 3536, 3420, 32.14, 29.05, 28.93, 21.79; 
HRMS (MH) + calcd. for 419.27975, found 419.27920. 
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EXAMPLE 2: SYNTHESIS OF 9-DEOXY-17-PHENYL PGF 2o 
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A: (5Z. 13EW9S. 11 K. 15SW11 l.S-Bis4tetrahvdropvran-2-vloxv)-9-hvdrnxv-17- 

phenyl-18,19,2Q-trinQr-5,l^-prQStflriienoic Acid Mfithyl Ester (17): 

A solution of the lactone 6 (3.4 g, 7.08 mmol) (see Example 1) in dry THF 
(50 mL) was cooled to -78 °C and to it was added DIBAL-H (6.0 ml, 1.5 M in 
5 toluene). The mixture was stirred at -78 °C for 15 min and then quenched by the 
addition of 10 mL of methanol. The resulting mixture was warmed to room 
temperature, 50 mL of a saturated solution of potassium sodium tartrate was 
added and stirred for an additional hour. The layers were separated and the 
aqueous layer was washed with 2 X 20 mL of EtOAc. Combined organic layers 
10 were dried (Na2S0 4 ), filtered and concentrated to afford 3.2 g of lactol 16 

(quantitative yield). The crude product mixture was used in the next reaction 
without further purification. 

A suspension of (4-carboxybutyl)triphenylphosphonium bromide (13.3 g, 
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30.0 mmol) in THF (40 mL) was cooled to 0 °C and was treated with a solution of 
potassium tert-butoxide in THF (60 mL, 1.0 M in THF). The resulting mixture was 
stirred for 30 min at which time a solution of the lactol 16 (3.2 g, 6.6 mmol) in 
THF (20 mL) was added. The reaction was allowed to warm to room temperature 
5 and stirred at that temperature for 12 h. The reaction mixture was poured into a 
separately funnel containing 50 mL each of EtOAc and sat NH 4 C1. The layers 
were separated and the aqueous layer was washed with 2 X 20 mL of EtOAc. 
Combined organic layers were dried (NajSOJ, filtered and concentrated. The 
crude product mixture was dissolved in CHjClj, cooled to 0 °C and then treated 
10 with excess ethereal diazomethane. Solvent was removed and the crude ester was 
applied to a silica gel column for chromatography. The ester 17 (R,=03, 
EtOAc/hexane 1:2) was Isolated as a slightly yellow oil (2.74 g, 80% yield from 6). 

ft; f5 Z, MEW9S. UR. Jl55Vn.l5-Bis-(tetrahydropyran-2- y loxy)-17-phenyl-9- P - 
tQAue nesulfQnvloxy-lS.ig^Q-trinor-S.l^prostadienoic Acid Methyl Ester (18) : 

15 A mixture consisting of the ester 17 (2.74 g, 4.8 mmol) and TsCl (3.66 g, 19.2 

mmol) in anhydrous pyridine (40 mL) was stirred at 0 °C for 4 h and then at room 
temperature for 48 h. The reaction mixture was then poured into 200 mL of ice- 
cold water and extracted with 4 X 30 mL of benzene. The combined organic 
layers were washed with 2 X 50 mL of a 1M solution of NaHSO^ and brine. The 

20 organic phase was dried (Na^O^), filtered and concentrated. The crude product 
was purified by chromatography on silica gel. The tosylate 18 was isolated as a 
slightly yellow oil (2.23 g, 65% yield). 

C; (5Z, IVLJSSl-lh ^ms-acetoxy-^-phe^ 

X&l$2Q-tfmQx-5,tt-pKQ$fafamQ\z Add Methyl Ester 09}' 

25 A solution of ester 18 (2.23 g, 3.08 mmol) in dry methanol (40 mL) was 

treated with boron trifluoride etherate (2 drops) for 30 min at room temperature. 
At which time triemylairune (05 mL) was added, the solvent was removed and 
the residue was taken up in 30 mL of benzene. To this solution 100 mg of 4- 
dimemylaminopyridine, 5.0 mL of triemylamine and 3.0 mL of acetic anhydride 

30 were added and the resulting mixture was stirred at room temperature for 15 min. 
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The reaction was then quenched by pouring it into a Diphasic mixture of EtOAc 
and water. The layers were separated and aqueous layer was extracted with 3 X 
20 mL of EtOAc. The combined organic layers were washed with sat. NaHCO^ 
and brine, dried over Na^^ filtered and concentrated. The bis-acetate 19 (1.25 g, 
5 64% yield) was isolated as a colorless oil after chromatography of the crude on 
silica (Rr=0.4, EtOAc/hexane 1:2). 

D: (5Z. 13EW9R. 15SV11. 15-B i*-«retP^-9-<frloro-^ 

5.13-prQstadienQic Acid Methyl Ester (10): 

A mixture of tosylate 19 (1.25, 1.97 mmol) and LiCl (1.7 g, 40 mmol) in 40 
10 mL of acetone was stirred at room temperature for 3 days. The solvent was 

removed and the crude residue was partitioned between 50 mL each of EtOAc 
and water. The organic layer was washed with brine, dried (Na^,) and 
concentrated. The crude residue was purified by chromatography on silica gel to 
afford 20 (570 mg, 52% yield) as a yellow oil. 

15 E: (5Z, 13EH11K. l^Pi^cetoxy-17-phfnyM^ ,H ?(Hrinor-5.13- 

prostadienoic Acid Methyl Ester (21): 

A so'ution containing 20 (570 mg, 1.07 mmol), Bu^nH (1.5 mL, 5.7 mmol) 
and a trace amount of AIBN in 10 mL of dry benzene was heated at 50 °C under 
an atmosphere of N 2 for 3 h. The solvent was then removed and the residue was 

20 dissolved in 150 mL of CH 3 CN and washed with 3 x 50 mL of hexanes. The 

combined hexane layers were washed with 2 X 20 mL of CH 3 CN. The acetonitrile 
layers were combined and evaporated and the residue was applied to a column of 
silica gel for chromatographic purification. Ester 21 (455 mg, quantitative yield) 
was isolated as a colorless oil. 

25 F: (5Z. 13EW1 1R. 15SHL i5-Dihvdroxv>17-nhenvl-18,192Q-trinor-5.13" 

prostacuenoic Acid Methyl Ester (22): 

A mixture of 22 (455 mg, 0.99 mmol) and KsCOa (200 mg) in 10 mL of 
methanol was stirred at room temperature for 2 h. Water (10 mL) was added and 
the pH of the reaction mixture was adjusted to 2-3 with IN HC1 solution. Solvent 
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was removed and the residue was partitioned between EtO Ac/ water (20 mL 
each). The aqueous layer was extracted with 2 X 20 mL of EtOAc. The organic 
layers were combined and dried (Na£O t ). Filtration and solvent removal gave 
crude 22 as a yellow oil, which was purified by chromatography on silica gel 
5 (R^O.14, 1:1 EtOAc/hexane) to afford 160 mg (43% yield) of 22 as a colorless 
liquid. 

G: (52. 13EW11R. 15SV11. 15-Dmydroxy-17-phenvl-1819^0-trinor-5.13- 

prostadienpic Acid (III): 

A solution of ester 22 (160 mg, 0.41 mmol) in 5 mL of methanol was treated 

10 with 2.0 mL of IN NaOH for a period of 2 h at room temperature. The mixture 
was then acidified to pH 2 with IN HC1 and extracted with EtOAc (4 X 20 mL). 
Combined organic layers were washed with brine and dried (NazSO^. The crude 
product, after filtration and solvent removal, was purified by passage through a 
short pad of silica gel using a mixture of hexane/acetone/ water (4:3:1) as the 

15 eiuent. Compound III (107 mg, 70% yield) was obtained as a colorless viscous 
liquid. 'H-NMR (CDC1 3 ) 6 7.29-7.15 (m, 5H), 5.56-5.20 (broad m, 7H), 4.10 (q, / = 
6.5 Hz, 1H), 3.81 (q, / = 7.7 Hz, 1H), 2.66 (m, 2H), 2.29 (m, 2H), 2.17-1.24 (broad, 
13H); "C-NMR (CDCl 3 ) 6 177.80, 141.85, 134.78, 133.49, 12939, 128.96, 
128,41,128^7, 125.82, 78.05, 7234, 57.73, 43.07, 38.51, 33.05 3233, 31.81, 31.70, 27.60, 

20 26.36, 24.50. 
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EXAMPLE 3: SYNTHESIS OF 9-DEOXYCLOPROSTENOL ISOPROPYL ESTER 



ci 



CI. 



CI 



OH 



O^COaEt- 



O O 
O^A^PfOMefe 



23 



24 



25 



O 



VtHO 
BzO 



OH 

A 



THPO THPO 



30 



erPh3P*(CH 2 ) 4 co 2 H 

31 



r-i - CC^Pr-j 

o — v 



THPO THPO 
32 



O 



O 



27 R « Bz; R = H 

28 R.R =H 
2© R, R = THP 



THPO THPO 
33 



O 

A 



26 



CI 



COjPr-i 



OH OH 



CI 



compound IV 



THPO THPO 
34 



s C0 2 Pr-i 



CI 



20 / 1 

SUBSTITUTE SHEET (RULE 25) 



WO 96/10407 



PCI7US95/12I71 



A: Ethyl (3-chlorophenoxy)acetate (24) : 

To a mixture of 320 mL of acetone, 75 g (450 mmol) of ethyl bromoacetate, 
and 40.0 g (310 mmol) of 3-chlorophenol (23) was added 69.8 g (505 mmol) of 
potassium carbonate. The mixture was mechanically stirred and heated to reflux 
5 for 4h, and after cooling to room temperature, was poured into 350 mL of ethyl 
acetate. To this was then cautiously added 400 mL of 1 M HC1, taking care to 
avoid excess foaming. The layers were separated, and the aqueous layer was 
extracted with 3 X 200 mL portions of ethyl acetate. The combined organic layers 
were dried over MgSO^ and concentrated. The residue was melted in 500 mL of 
10 hot hexane and allowed to re-solidify. Filtration of the solution afforded 58 g 

(87%) of 24 as a flaky white solid, m.p. = 39-40 °C *H NMP. 6 7.20-7.08 (m, 1H), 
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6.95-6.82 (m, 2H), 6.75-6.70 (m, 1H), 4.53 (s, 2H), 4.21 (q, / = 7.2 Hz, 2H), 1.23 (t, / = 
7.2 Hz, 3H). 

R: Dimethyl r3-f3-chlorophenoxv)-?-oxonrop-l-vllPho.5I7honate ( 2 5) : 

To 20.6 g (166 mmol, 238 mol %) of dimethyl methylphosphonate in 110 mL 
5 of THF at was added dropwise 65 mL (162 mmol, 232 mol %) of a 2.5 M 

solution of n-BuLi in hexanes. After the addition was complete, the mixture stirred 
for an additional lh, at which time 15.0 g (69.9 mmol) of aryloxyester 24 was 
added dropwise as a solution in 40 mL of THF. The reaction was stirred for lh 
and then quenched by the addition of 100 mL of saturated NH 4 C1. The mixture 

10 was poured into 200 mL of a 1:1 mixture of saturated brine: ethyl acetate, the 
layers were separated, and the aqueous layer was extracted with 2 X 100 mL 
portions of ethyl acetate. The combined organic layers were dried over MgS0 4 
and concentrated, and the residue was dried on a pump to afford 20.5 g (100%) of 
25 as a viscous oU. ! H NMR 5 7.22 (t, / = 8.1 Hz, 1H), 7.05-6.90 (m, 2H), 6.85-6.78 

15 (m, 1H), 4.72 (s, 2H), 3.84 (s, 3H), 3.78 (s, 3H), 3.27 (d, / = 22.8 Hz, 2H). 

C: (3aK. 4R. SR. fa.SV5-fBenzoyloxyM4(^^ 

hexahydrp-2fi-€ydnpentafb1furan-2-one (26): 

To a mixture of 20.5 g (70.0 mmol) of phosphonate 25, 2.6 g (62 mmol) of 
LiCl, and 200 mL of THF at 0 °C was added 6.10 g (60.4 mmol) of NEt 3 . The 

20 mixture became thick as a precipitate formed. At that time 14.0 g (51.1 mmol) of 
aldehyde 1 dissolved in 50 mL of CH 2 C1 2 was added dropwise. After lh the 
reaction was poured into 200 mL of a 1:1 mixture of saturated NH 4 Cl:ethyl acetate, 
the layers were separated, and the aqueous layer was extracted with 2 X 100 mL 
portions of ethyl acetate. The combined organic layers were dried over MgS0 4 

25 and concentrated, and the residue was flash chromatographed on a 28 cm tall X 51 
mm diameter silica gel column eluting with 3:2 v/v ethyl acetate:hexanes to afford 
16.2 g (72%) of 26 as a white crystalline solid, m.p. * 101.0-102.0 °C. *H NMR 5 
8.0-7.9 (m, 2H), 7.62-7.52 (m, 1H), 750-7.38 (m, 2H), 7.18 (t, / = 8.2 Hz, 1H), 7.0- 
6.82 (m, 3H), 6.75-6.70 (m, 1H), 6.54 (d, / = 151.1 Hz, 1H), 5.32 (q, / = 6.2 Hz, 1H), 

30 5.08 (m, 1H), 4.66 (s, 2H), 3.0-2.8 (m, 3H), 2.7-2.2 (m, 3H). 



-21- 



o 



o 



WO 96/10407 



PCT/US95/12171 



P; (3aK. 4R. 5R. 6aSV5-n^oylo x yM-[(EH3RM-f3-cMojcp^hen^ 

To a solution of 9.70 g (22.0 mmol) of enone 26 in 60 mL of THF at -23 °C 
was added dropwise a solution of 11.1 g (34.6 mmol) of (-)-DXPCl in 30 mL of 
5 THF. After 4h, the reaction was quenched at -23 °C by the dropwise addition of 5 
mL of methanol, and was warmed to room temperature. The mixture was then 
poured into 200 mL of a 2:1 mixture of ethyl acetate: saturated NH 4 C1, the layers 
were separated, and the aqueous phase was extracted with 2 X 100 mL portions of 
ethyl acetate. The combined organic layers were dried over MgS0 4 , concentrated, 

10 and the residue was flash chromatographed on a 33 cm tail X 76 mm diameter 

silica gel column eluting with 3:2 v/v ethyl acefcateihexanes to afford 4.7 g (48%) of 
27 as a white solid, m. p. 101.0-102.5 «C. ! H NMR 5 8.05-7.95 (m, 2H), 7.62-7.40 
(m, 3H), 7.18 (t, / = 8.0 Hz, 1H), 7.0-6.92 (m, 1H), 6.85 (t, / = 2.1 Hz, 1H), 6.77-6.70 
(m, 1H), 5.85 (d of d, / = 6.2, 15.5 Hz, 1H), 5.72 (d of d, / = 4.5, 15.5 Hz, 1H), 5.30 

15 (q, / = 5.8 Hz, 1H), 5.12-5.04 (m, 1H), 4.58-4.48 (m, 1H), 3.92 (d of d, / « 35, 9.3 
Hz, 1H), 3.80 (d of d, / = 73, 9.4 Hz, 1H), 2.9-2.2 (m, 8H). 

l-bufcenyll-hexahydro-5-/tetrahydropyr^ 
(22): 

20 To a mixture of 5.1 g (11.5 mmol) of 27 and 200 mL of methanol was added 

1.7 g (12 mmol) of KjCOj. After lh the mixture was poured into 100 mL of 0.5 N 
HC1 and extracted with 3 X 100 mL portions of ethyl acetate. The combined 
organic layers were washed successively with 2 X 100 mL portions of water and 2 
X 100 mL portions of saturated brine. The organic layer was dried over MgSO^ 

25 filtered, and concentrated to afford 4.85 g (>100%) of crude diol 28, which was 
used in the next step without further purification. 
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To a mixture of 4.85 g of crude 28 (11.5 mmol = 3.9 g of 28 present in the 
sample if previous step gave 100% yield) and 2.4 g (28 mmol) of 3,4-dihydro-2-H- 
pyran in 75 mL of CH 2 C1 2 at 0 °C was added 370 mg (1.9 mmol) of p-TsOH. After 
stirring for 45 min, the reaction was poured into 40 mL of saturated aqueous 
5 NaHCO^ the layers were separated, and the aqueous layer was extracted with 2 X 
40 mL portions of CH 2 C1 2 . The combined organic layers were dried over MgSO* 
filtered and concentrated. The residue was flash chromatographed on a 20 cm tall 
x 41 mm diameter silica gel column, eluting with 40% ethyl acetate in hexanes, to 
afford 6.0 g (100%) of 29 as an oil. l H NMR (CDC1 3 ) 8 (characteristic peaks only) 
10 7.25-7.14 (m, 1H), 6.95-6.87 (m, 2H), 6.83-6.72 (in, 1H), 5.8-5.4 (m, 4H), 5.1-4.8 (m, 
2H). 

F; (5Z, 13EH9S, UK, 15RHl,l^B i s(tefrahydropyran^ 
9-hydrpxy'17,18,192n-tetr a npr-5 , 13-prosUd i enQ i c Ar i d Isopropy l Ester (32) : 

To a solution of 5.8 g (11.4 mmol) of lactone 29 in 55 mL of THF at -78 °C 

15 w<»s added dropwise 10 mL (15 mmol) of a 1.5 M solution of DIBAL in toluene. 

After Ih 10 mL of methanol was added dropwise, and the mixture was stirred for 
10 min at -78 °C before being warmed to room temperature. The mixture was 
poured into 100 mL of a 1:1 solution of saturated aqueous potassium sodium 
tartrate:ethyl acetate and was stirred until the emulsion broke. After separating 

20 the layers, the aqueous layer was extracted with 2 X 40 mL portions of ethyl 
acetate, the combined organic layers were dried over MgS0 4 , filtered, and 
concentrated, and the residue was flash chromatographed on a 22 cm tall X 41 
mm diameter silica gel column eluting with 3:2 ethyl acetate:hexane to afford 4.4 g 
(76%) of lactol 30, which was used immediately in the next step. 

25 To 12.1 g (273 mmol) of phosphonium salt 31 in 100 mL of THF at 0 °C 

was added dropwise 50.0 mL of a 1 M solution in THF of potassium f-butoxide. 
After 30 min, a solution of 4.4 g (8.6 mmol) of lactol 30 in 20 mL of THF was 
added dropwise, and the mixture was stirred at room temperature overnight. The 
mixture was then poured into 150 mL of a 1:1 mixture of ethyl acetate:saturated 

30 aqueous NH«C1, the layers were separated, and the aqueous layer was extracted 
with 2 X 100 mL portions of ethyl acetate. The combined organic layers were 
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dried over MgSO*, filtered, and concentrated, and the residue was dissolved in 80 
mL of acetone. To this was added successively 6.5 g (43 mmol) of DBU and 7.3 g 
(43 mmol) of isopropyl iodide. After stirring overnight, the reaction was poured 
into 100 mL of a 1:1 mixture of ethyl acetateisaturated aqueous NH 4 C1, the layers 
were separated, and the aqueous layer was extracted with 2 X 100 mL portions of 
ethyl acetate. The combined organic layers were dried over MgS0 4 , filtered, and 
concentrated, and the residue was flash chromatographed on a 27 cm tall X 41 
mm diameter silica gel column eluting with 40% ethyl acetate in hexane to afford 
2.92 g (53% from lactone 29) of ester 32. 

X7Ml92Q-tettmm-5 t *3-FJostartsnol (33): 

To a solution of ester 32 (1.34 g, 2.11 mmol) in pyridine (18 mL) at 0 °C was 
added dropwise mesyl chloride (590 mg, 5.2 mmol). After stirring overnight (18h) 
at 0 °C, the reaction was poured into a mixture of 50 mL of sat. CuSO</75 mL of 
EtOAc. The resulting suspension was filtered through Celite, the layers were 
separated, the aqueous layer was extracted with EtOAc (2 X 50 mL). The 
combined organic layers were dried (MgS0 4 ), filtered and concentrated and the 
residue was purified by chromatography on silica gel to afford the intermediate 
9a-mesylate (1.32 g, 88% yield). 

This mesylate was dissolved in 16 mL of THF, the solution was cooled to 
0 °C and to it LiEt 3 BH (11.0 mL, 1.0 M in THF) was added dropwise. The reaction 
was stirred at 0 °C for Ih, and then at room temperature for 18h. At this time 60 
mL of sat. NH 4 C1 solution was added and the resulting mixture was extracted 
with EtOAc (3 X 50 ml). The combined organic extracts were dried (MgS0 4 ), 
filtered and concentrated. The crude product mixture was purified by 
chromatography on silica gel (R<=0.5, 40% EtOAc /hexane) to afford 33 (726 mg, 
69% yield). 
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h- (sz. 13EWUR. i f iitt-n. is-Bi s (tptrahvdroPvran"2-vloxvH6-f,'KhlorophenQXY)- 

17.1849^0-tetrannr-S. 13-pros t adienoic Acid IsoprQPVl Ester (34) : 

A mixture of 33 (190 mg, 0.33 mmol), PDC (650 mr, 1.73 nunol) and DMF 
(4.5 mL) was stirred at room temperature for 24h. The reaction was then 
5 partitioned between 25 mL of EtOAc and 20 mL of water. The layers were 

separated and the aqueous layer was extracted with 2 X 25 mL of EtOAc. The 
combined organic extracts were dried (Na^J, filtered and concentrated. The 
residue was dissolved in acetone (15 mL) and to it DBU (110 mg, 0.73 mmol) and 
isopropyl iodide (120 mg, 0.70 mmol) were added. The resulting mixture was 

10 stirred for 18h at room temperature and was then partitioned between EtOAc (25 
mL) and sat. NH 4 C1 (15 mL). The layers were separated and the aqueous layer 
was extracted with 2 X 25 mL of EtOAc. The organic extracts were combined and 
dried (MgSO<), filtered and concentrated. The residue was purified by 
chromatography on silica gel (R^O.6, 30% EtOAc/hexane) to yield 34 (115 mg, 

15 56%). 

I: (SZ. 13EWHR. !5RM6-^3<3Uorop hpnoxyVll. 15-riihvd roxv-17,l*19,2(HetrMpr- 

5. 13-prostadienoic Acid Isopropyl Ester (IV): 

A solution of 34 (79 mg, 0.13 mmol), water (1.0 mL), isoprcpyl alcohol (10 

mL) and 12 N HC1 (800 uL) was stirred at room temperature for lh. At this time 
20 12 mL of a sat. NaHC0 3 solution was added dropwise and the resulting mixture 

was extracted with EtOAc (3 X 25 mL). The combined organic extracts were dried 

(MgSOJ, filtered and concentrated and the residue was applied to a column of 

silica gel for chromatographic purification (R^O.5, 60% EtOAc/hexane). 

Compound IV (48 mg, 82% yield), was isolated as a colorless oil. 13 C NMR 
25 (CDC1 3 ) 6 173.20, 159.24, 136.27, 134.88, 130.24, 129.98, 129.59, 128.62, 12130, 

115.07, 113.07, 77.87, 71.91, 70.95, 67.46, 57.90, 42.87, 34.03, 32.23, 31.57, 27.59, 26.61, 

24.85, 21.81. 
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EXAMPLE 4: SYNTHESIS OF COMPOUND VI 



A 




THPO THPO 
37 



A 
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A: Ha/?. 4R(1P. m. S/?. 6a ^ -4-r : ^ hv d rQxv - ^ - f2 >i ndanvnnronvn-5-hY drPXY-hsxahvdrfi- 

2//-cyclQpenMfhlfuran-2-one (36) 

A solution of olefin 35 (0.7 g. 2.2 mmol) (synthesis described in: / Med Chenu 
1983. 26. 328) in 10 mL of a 1:1 v:v mixuife of methanol:ethyl acetate was hydrogenated in 
the presence of 10% Pd/C (50 mg) at 40 psi in a Parr hydrogenation apparatus for lh. The 
mixture was filtered through Celite and concentrated to afford 36, which was used in the 
next step without further purification. 

B: f3a/?. 4R(\E. 3*V SR. 6 a ^-4-r^-f2-»ndanvn-1.fretrahvdmT>vran-2-vl0XYlDronYll-^ 
( tetrahydrop yran-2-vloxvV hexahydro-2//-cyclopentarhlfuran-2>one (37) 

Compound 36 from above was dissolved in CH2CI2 (30 mL) and the mixture was 
cooled to 0 °C. 3,4-dihydro-2#-pyran was added (0.42 g, 5.0 mmol), followed by P- 
toluenesulfonic acid monohydrate (50 mg, 0.2 mmol). The solution was stirred at room 
temperature for 2h, poured into saturated aqueous NaHCC>3, and extracted with CH2CI2. 
The solution was dried over MgSC>4, filtered, and concentrated, and the residue was 
chroraatographed on silica gel to afford 0.4 g (36%) of 37 as a viscous oil. *H NMR 
(CDCI3) 8 7.2 (m. 4 H), 5.0 (m, 1 H). 4.7 (m, 2 H). 

16.17.18.19.20-pent2nor-5-prostenoic acid methvl ester (39) 

To a -78 °C solution of lactone 37 (0.4 g, 0.8 mmol) in toluene (10 mL) was 
added a 1.5 M solution of DBAL-H in hexane (1 mL. 1 mmol). After stirring for 2 h at 0 
°C, isopropanol {0.2 mL) was added, the mixture was poured into a solution of sodium 
potassium tartrate, extracted with ethyl acetate (2 x 50 mL), dried (MgSCU). and 
concentrated to afford 0.21 g (52%) of crude lactol 38. 

To a solution of (4-carboxybutyl)triphenylphosphonium bromide (0.13 g, 03 
mmol) in DMSO (6 mL) was added a DMSO solution of sodium methylsulfinylmethide (0.6 
mmol. 0.2 M in DMSO). To the mixture was added dropwise a solution of lactol 38 (0.15 g. 
0.3 mmol) in DMSO (3 mL). The solution was stirred for 16 h at 50 °C, cooled to room 
temperature, and quenched by the addition of 10% aqueous citric acid to pH 5.5. The 
mixture was extracted with ethyl acetate, dried (MgS04). filtered, and concentrated. The 
residue was dissolved in acetone (5 mL) and DBU was added (0.15 g, 1.0 mmol), followed 
by iodomethane (0.14 g, 1.0 mmol). The solution was stirred for 30 min, poured into water. 
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extracted with ether (2 X 50 mL), dried (MgS04). filtered, and concentrated, and the residue 
was chromatographed on silica gel to eluting with 7:3 hexane:ethyl acetate to fumish 0.2 g 
(98%) of 39. »H NMR (CDC1 3 ) 6 7.13 (m, 4H), 5.4 (m. 2H), 4.7 (m, 2H), 4.1-3.8 (m. 4H), 
3.7 (s, 3H), 3.1-2.7 (m, 4H), 2.3 (1, 3H), 2.1 (ra, 2H), 1.9-1.2 (m, 29H). 

A solution of 39 (0.2 g. 0.4 mmol) in pyridine (20 mL) at 0 °C was treated with 
methanesulfonyl chloride (0.17 g, 1.5 mmol). The mixture was stirred at 0°C for 2 h and at 
room temperature for 1.5 h. The solution was poured into saturated aqueous NH4CI and 
extracted with ether (2 x 50 mL). The combined organic extracts were washed with a 
saturated aqueous solution of CUSO4 (3 x 50 mL), dried (MgSO^), filtered, and 
concentrated, and the residue was passed through a short column of silica gel eluting with 
1:1 hexane:ethyl acetate to afford 0.25 g (100%) of the 9a-mesylate. 

To a 0 °C solution of the mesylate (0.25 g, 0.4 mmol) in THF (30 mL) was added 
a 1 M solution of LiEt3BH in THF (9 mL, 9 mmol). The reaction was stirred at room 
temperature for 3 d, was added to a saturated aqueous solution of NH4CI (50 mL), extracted 
with ether (50 mL), dried (MgSC>4), filtered, and concentrated to afford 45® (0.2 g, 68%). 

p e n ^ nQr- 5- prosi;eD[pifi_^ri teQ piflpyl GMxiSXl 

A solution of 40 (0.2 g, 0.3 mmol), DMF (20 mL), and pyridinium dichromate 
(1.2 g, 3.2 mmol) was stirred for 16 h. The mixture was poured into saturated aqueous citric 
acid (50 mL), extracted with ethyl acetate (2 X 100 mL), dried (MgS0 4 ), filtered, and 
concentrated to afford 0.2 g of crude acid 41. 

A solution of crude acid 41 (0.2 g. 0.3 mmol) in acetone (30 mL) was treated 
sequentially with DBU (0.5 g, 3 mmol) and 2-iodopropane (0.8 g, 5 mmol). After stirring 
for 16 h, the mixture was poured into water, extracted with ethyl acetate (50 mL), dried 
(MgSCU), filtered, and concentrated to afford 412 (66 rag, 37%). 

F: (5Z)-([\R. ] MM l.l.Sdihvdmxv-13^ 

aejlis^pxagyj ester (YIP 
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A solution of 42 (66 mg, 0. 1 1 mmol) in 7 mL of a 4:2: 1 v: v:v mixture of acetic 
acid. THF. and water was heated at 50 °C for 30 rain and then stirred at room temperature 
for 16 h. The reaction was neutralized with NaHC03, 100 mL of water was added, the 
mixture was extracted with ethyl acetate (2 x 50 mL), the combined organic extracts were 
dried (MgS04>. filtered, and concentrated, and the residue was chromatographed on silica 
gel eluting with 7:3 ethyl acetate:hexane to afford VI (18 mg, 41%) as a clear colorless oil. 
1H NMR (CDCI3) 6* 7.3-7.1 (m, 4H), 5.4 (m, 2H), 5.0 (septet. J = 6.3 Hz, 1H), 3.9 (m. 1H). 
3.7 (m, 1H), 3.1 (M. 1H), 2.9 (m, 1H), 2.8 (m. 1H), 2.6 (m. 1H), 2.4 (m, 2H), 2.1 (m. 2H). 
1.8-1.4 (m. 13H), 1.2 (d, J = 6.3 Hz, 6H). «C NMR (CDCI3) 5 173.3, 143.1, 142.9, 129.4. 
129.3. 126.2. 124.5, 124.3. 79.2, 75.5, 67.5. 53.5, 46.1, 44.8. 35.8, 35.4, 34.3, 34.1, 33.9, 
32.7, 29.3. 29.0, 26.7, 25.0. 21.8. 
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The compounds of formula (I) are useful in lowering intraocular pressure 
and thus are useful in the treatment of glaucoma. The preferred route of 
administration is topical. The dosage range for topical administration is generally 
between about 0.001 and about 1000 micrograms per eye (ug/eye) and is 
preferably between about 0.01 and about 100 (ug/eye) and most preferably 
between about 0.1 and about 20 ug/eye. The compounds of the present 
invention may be administered as solutions, suspensions, or emulsions 
(dispersions) in a suitable ophthalmic vehicle. 

In forming compositions for topical administration, the compounds of the 
present invention are generally formulated as between about 0.000003 and about 1 
percent by weight (wt%) solutions in water at a pH between about 4.5 and about 
8.0. It is preferable to use concentrations between about 0.00003 and about 0.3 
wt% and, most preferably between about 0.002 and about 0.1 wt%. While the 
precise regimen is left to the discretion of the clinician, it is recommended that the 
resulting solution be topically applied by placing one drop in each eye one or two 
times a day. 

Other ingredients which may be desirable to use in the ophthalmic 
preparations of the present invention include preservatives, co-solvents and 
viscosity building agents. 

Antimicrpbi&l rreservatives: 

Ophthalmic products are typically packaged in multidose form, which 
generally require the addition of preservatives to prevent microbial contamination 
during use. Suitable preservatives include: benzalkonium chloride, thimerosal, 
chlorobutanol, methyl paraben, propyl paraben, phenylethyl alcohol, edetate 
disodium, sorbic acid, ONAMER M® (polyquaternium-1), or other agents known 
to those skilled in the art Such preservatives are typically employed at a 
concentration between about 0.001 and about 1.0 wt%. 
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Prostaglandins, and prostaglandin derivatives, typically have limited 
solubility in water and therefore may require a surfactant or other appropriate co- 
solvent in the composition. Such co-solvents include: Polysorbate 20, 60 and 80; 
Pluronic F-68, F-84 and P-103; Tyloxapol; Cremophor® EL; sodium dodecyl 
sulfate; glycerol; PEG 400; propylene glycol; cydodextrins; or other agents known 
to those skilled in the art. Such co-solvents are typically employed at a 
concentration between about 0.01 and about 2 wt%. 

Viscosity Agents: 

Viscosity greater than that of simple aqueous solutions may be desirable to 
increase ocular absorption of the active compound, to decrease variability in 
dispensing the formulations, to decrease physical separation of components of a 
suspension or emulsion of formulation and/or otherwise to improve the 
ophthalmic formulation. Such viscosity building agents include: polyvinyl 
alcohol; polyvinyl pyrrolidone; cellulosic polymers, such as methyl cellulose, 
hydroxy propyl methylcellulose, hydroxyethyl cellulose, carboxymethyl cellulose, 
hydroxy propyl cellulose; carboxy vinyl polymers, such as carbomer 910, carbomer 
940, carbomer 934P and carbomer 1342; or other agents known to those skilled in 
the art. Such agents are typically used at a concentration between about 0.01 and 
about 2 wt%. 
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EXAMPLE 5 



The following Formulations A-C are representative pharmaceutical 
compositions of the invention for topical use in the treatment of glaucoma and for 
lowering of intraocular pressure. Each of Formulations A-C may be formulated in 
5 accordance with procedures known to those skilled in the art. 
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FORMULATION (wt%) 



INGREDIENT A B 



Compound 0 0.01 — — 

Compound IV — — 0.003 

Compound V — 0.01 — 

Monobasic Sodium Phosphate 0.05 0.05 0.05 

Dibasic Sodium Phosphate 0.15 0.15 0.15 
(anhydrous) 

Sodium Chloride 0.75 0.75 0.75 

Disodium EDTA 0.01 0.05 0.05 

Cremophor® EL — 0.01 — 

Hydroxypropyl-P-cyclodextrin — — — 

Tyloxapol — — — 

Benzalkonium Chloride 0.02 0.01 0.01 

Polysorbate 80 0.15 — — 
HC1 and/or NaOH q.s. to pH 73-7.4 q.s. to pH 73-7.4 q.s. to pH 73-7.4 

Purified Water q.s. to 100% q.s. to 100% q.s. to 100% 



The invention has been described by reference to certain preferred 
embodiments; however, it should be understood that it may be embodied in other 
specific forms or variations thereof without departing from its spirit or essential 
characteristics. The embodiments described above are therefore considered to be 
illustrative in all respects and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the foregoing description. 
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What is Claimed is: 



1. A method of treating glaucoma and ocular hypertension which comprises 
topically administering to the affected eye a therapeutically effective amount of a 
compound of formula: 




wherein: 

Y = C(0)NR,R2, CH 2 OR 3 , CHjNRjR^ C0 2 R„ C0 2 M where M is a canonic salt 
moiety; 

R, , R 2 (same or different) = H, Q-Q alkyl or alkenyl, or Q-Q cycloalkyl; 

R, R 3 (same or different) = C(0)R 4/ H; 

Rt = C,-Q alkyl or alkenyl, or C 3 -C 6 cycloalkyl; 

X = 0, SCO),. CH 2 ; 

n « 0, 1, or 2; 

A = CH 2 CH 2 , cis or trans CH=CH, or C=C; 
Z = CH 2 CH 2 , trans CH=CH, or C=C; 

W = (CH 2 ) m Aryl, (CHJ^OAryl where m = 1-6 and Aryl = phenyl, optionally 
substituted with halogen, hydroxy, alkoxy, haloalkyl, amino, or acylamino; or 
W = 




where V = H, alkyl, halogen, hydroxy, alkoxy, acryloxy, haloalkyl, amino, 
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acylamino, and L = CH 2 , O, 5(0)^ CH 2 CH 2 , CH 2 0,NR, CH=N, CH^O)^ 
CH=CH, CH 2 NR where m = 0-2 and R is as defined above. 

2. The method of claim 1, wherein: Y * CQ 2 R,; R, « CHiCH^CH^ or H; X = 
CH 2 ; A = cis CH=CH; R = H; Z = CH 2 CH 2 , or trans CH=CH; W = (CH^ Aryi, or 
(CH 2 ) m OAryl where m = 1-3, and Aryl = phenyl optionally substituted with CF 3/ 
a, F/ or OMe; or W = W„ W 2 , or W 5 . 

3. The method of claim 1, wherein between about 0.001 and about 1000 
micrograms of a compound of formula (I) is administered. 

4. The method of claim 3, wherein between about 0.01 and about 100 
micrograms of a compound of formula (I) is administered. 

5. The method of claim 4, wherein between about 0.05 and about 50 
micrograms of a compound of formula (I) is administered. 
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6. A topical ophthalmic composition for the treatment of glaucoma and ocular 
hypertension, said composition comprising an ophthalmically acceptable vehicle 
and a therapeutically effective amount of a compound of formula: 




CH (I) 

wherein: 

Y = CfOJNR^, CHjOR^ CHjNR,^, COjR,, CO z M where M is a cationic salt 
moiety; 

R, , R2 (same or different) = H, C,-C 6 alkyl or alkenyl, or Q-C 6 cydoalkyl; 

R, Ra (same or different) = C(0)R 4/ H; 

R* = Q-C 6 alkyl or alkenyl, or Q-Q cydoalkyl; 

X =0, S(0)^CH 2 ; 

n = 0, 1, or 2; 

A - CH 2 CH 2 , cis or trans CH=CH, or CsC; 
Z = CH 2 CH 2 , trans CH=CH, or OC; 

W = (CH2) m Aryl, (CH^OAryl where m = 1-6 and Aryl = phenyl, optionally 
substituted with halogen, hydroxy, alkoxy, haloalkyl, amino, or acylamino; or 
W = 



0>- 




where V = H, alkyl, halogen, hydroxy, alkoxy, acryloxy, haloalkyl, amino, 
acylamino, and L = CH 2 , 0, SiO) w CH 2 CH 2 , CH 2 0,NR, CH=N, CHjS^)^ 
CH=CH, CHjNR where m = 0-2 and R is as defined above. 
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7. The composition of claim 6, wherein: Y = C0 2 R,; Rj = CH(CH 3 )CH3, or H; 
X = CH 2 ; A = cis CH=CH; R = H; Z = CHjCHj, or trans CH=CH; W - (CH 2 ) W Aryl, 
or (CH^OAryl where m = 1-3, and Aryl = phenyl, optionally substituted with 
CFa, F, or OMe; or W = W„ W 2 , or W 3 . 

8. The composition of claim 6, wherein between about 0.001 and about 1000 
micrograms of a compound of formula (I) is administered. 

9. The composition of claim 8, wherein between about 0.01 and about 100 
micrograms of a compound of formula (I) is administered. 

10. The composition of claim 9, wherein between about 0.05 and about 50 
micrograms of a compound of formula (I) is administered. 

11. A compound of formula: 



CO 

OR 



Y 



(D 



OH 

wherein: 

Y = C(0)NR,R2, CHjORa, or CHjNR^; 

R a , R 2 (same or different) = H, C,-Q alkyl or alkenyl, or Q-Q cycloalkyl; 

R, Rg (same or different) = C(0)R 4/ H; 

R« = C,-C< alkyl or alkenyl, or C 3 -Q cycloalkyl; 

X = 0, SCO)^ or CH 2 ; 

n = 0, 1, or 2; 

A = CH 2 CH 2 , cis or trans CH=CH, or C=C; 

Z = CH 2 CH 2/ trans CH=CH, or CsC; 

W = {CHJ m Aryl or (CH^OAryl; m = 1-6; and 

Aryl = phenyl, optionally substituted with halogen, hydroxy, alkoxy, haloalkyl, 
amino, or acylamino. 
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12. The compound of claim 11, wherein: Y = CHfiR* or QOJNRtR* R„ Rj 
(same or different) = H or Me; Ra = C(0)R^ R« = C(CHJ* X = CH 2 ; A = cis 
CH=CH; R = H; Z = CH 2 CH 2 or trans CH=CH; W = (CH 2 ) m Aryl or (CH^OAryl; 
m - 1-3; and Aryl = phenyl, optionally substituted with CF^ CI, F. 

13. A compound of the formula: 




wherein: 

Y = C(0)NR,R 2 , CH 2 OR 3 , CHjNRjRj, C0 2 R„ CO^ where M is a canonic salt 
moiety; 

Ri , R 2 (same or different) = H, C t -C 6 alkyl or alkenyl, or C 3 -C 6 cycloalkyl; 

R, R 3 (same or different) « C(G)R 4/ H; 

R< = C,-Q alkyl or alkenyl, or C 3 -Q cycloalkyl; 

X = 0,S(0) n ,CH 2 ; 

n = 0, 1, or 2; 

A = CH 2 CH 2 , cis or trans CH=CH, or CsC; 
Z = CH 2 CH 2 , trans CH=CH, or CsC; 
W = 




(W 2 ) J~ (W 3 ) 



V ■ H, alkyl, halogen, hydroxy, alkoxy, acryloxy, haloalkyl, amino, acylamino, 
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and L = CH,, O, S(0)^ CH 2 CH 2/ CH 2 0,NR, CH=N, CH^O)^ CH=CH, CHjNR 
where m = 0-2 and R is as defined above. 

14. The compound of claim 13 wherein Y = COA; X = CH 2 ; A = cis CH=CH; 
R = H; R, = H or CH(CHa) 2 ; Z « CHjCHj, or trans CH=CH; W = W 2 ; L = CH 2 ; and 
V = H. 

15. The compound of claim 14 having the formula: 
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